A soybean variety 'Adams' is known to be resistant to soybean dwarf disease. The number of nymphs and survival rate of Aulacorthum solani decreases remarkably on 'Adams.' To understand the resistant mechanism of 'Adams,' we compared the feeding behavior of A. solani adults on resistant 'Adams' and susceptible 'Suzukari' soybean varieties using an electronic monitoring system (EMS). On 'Adams,' two ingestion waveforms, the Irss and the Is waveform were observed. The Irss waveform was recorded just after the S waveform, suggesting ingestion from non-phloem. This waveform was not observed on 'Suzukari.' A. solani on 'Adams' probed frequently and repeated short-term phloem ingestion, while A. solani on 'Suzukari' ingested from phloem continuously for a long period. Consequently, the total phloem ingestion time was shorter on 'Adams' than on 'Suzukari.' These results suggest that a decrease of ingestion from phloem on 'Adams' causes a reduction of nutrient uptake in quality and quantity, and eventually a decrease in survival rate, reproduction and development of A. solani.
INTRODUCTION
Aulacorthum solani reproduces on the soybean and transmits soybean dwarf virus in a persistent manner. Since soybean dwarf disease causes serious yield losses, frequent application of insecticide is required for preventing virus transmission by A. solani. However, from the viewpoint of environmental conservation, it is necessary to decrease insecticide treatment and introduce alternative control methods for aphids and soybean dwarf disease. The use of a resistant variety is one of the most useful and important methods for controlling insect pests. Zinno et al. (1997) demonstrated that the occurrence of A. solani on 'Adams' variety of soybean was less than on susceptible varieties under openfield conditions. Furthermore, the number of nymphs and the survival rate of A. solani decreased remarkably on 'Adams.' These results indicate that 'Adams' has the greatest resistance among the varieties tested.
The electronic monitoring system (EMS) has been used to investigate plant resistance to aphids (Tarn and Adams, 1973; Nielson and Don, 1974; Kennedy et al., 1978; Cambell et al., 1982; Montollor et al., 1983; Dixon et al., 1990) . In this paper, to understand the resistance mechanism for A. solani on 'Adams,' we compared feeding behavior of A. solani on 'Adams' (resistant variety) and 'Suzukari' (susceptible variety) using a computerbased EMS.
MATERIALS AND METHODS

Insects and plants.
Aulacorthum solani adults were maintained at 15°C and a L16:D8 photoregime on a 'Suzukari' soybean plant. 'Suzukari' (susceptible variety) and 'Adams' (resistant variety) were transplanted into pots (one per pot) at the seedling stage and they were used between the primary leaf and secondary leaf stages.
Systems. We measured feeding behavior of A. solani adult on 'Suzukari' and 'Adams' with a computer-based EMS (Tsukuba Rika Seiki Co. Ltd.). In this system, the alternating current voltage Appl. Entomol. Zool. 37 (4): 577-581 (2002) 
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Analysis of the feeding behavior of Aulacorthum solani (Homoptera: Aphidae) on a resistant variety of soybean (Leguminosae: Glycine max) 'Adams' using a computer-based electronic monitoring system transmitters (Ϯ100 mV, 500 Hz), an amplifier, direct current voltage converters and an A/D converter were installed into a personal computer (IBM Aptiva 2168S-75, CPU: Pentium 166 MHz) body as a component board. The output data were stored on an MO disk (540 MB, Logitec LM-540) and analyzed using TRS software (Tsukuba Rika Seiki Co. Ltd.). In order to exclude noise from the outside environment, both the insect and the plant were shielded by a cage (40 cmϫ80 cm) made of copper mesh and aluminum foil. Because aphids are repelled by silver coloration, the inside of the cage was covered with white paper. Additionally, in order to prevent further noise contamination from devices attached to the PC such as the digital printer and MO disk, all exposed surfaces were covered with aluminum foil.
Measurement. A copper wire (1.3 mm diameter) was attached to the root of the soybean plant. A gold wire (20 mm diameter, 8 cm length) was attached to the insect's dorsum with conductive adhesive containing silver particles. Feeding behavior was measured for 24 h at 20Ϯ2°C and a L16:D8 photoregime. Recordings were obtained from 15 plants and 15 insects each on resistant and susceptible varieties. The electric currents were selected at AC Ϯ1,000 mV and 500 Hz, and recording done at a sampling frequency of 50 Hz and gain of ϫ10.
RESULTS
In this study, four distinctive waveforms, S, X, Is and Irss waveform were observed during the feeding behavior of A. solani (Figs. 1, 2A and 2B) . The S waveform was observed during salivation. As the aphid initiates probing, the electric circuit is completed and high amplitude spikes are generated. Although this waveform is further subdivided into high-(h) and low-(l) amplitude salivation waveforms (Fig. 1) , we defined both waveforms as S waveform in this paper.
The X waveform was observed during plant tissue probing (McLean and Kinsey, 1967) . As reported by Backus and Bennett (1992) , this waveform consists of both the potential drops (pds) and the X-interval (i) waveform (Fig. 2A) . The X waveform is an important landmark waveform, because it is always observed immediately before the phloem ingestion waveform (McLean and Kinsey, 1967) . In this study, two ingestion waveforms, Is (Ingestion smooth) ( Fig. 2A) and Irss (Ingestion regular spike-shaped) (Fig. 2B ) waveform were observed. The Is waveform was always followed by the X waveform. On the other hand, the Irss waveform was always observed after the S waveform. Figure 3A shows a typical waveform pattern of A. solani on 'Suzukari.' The produced waveform indicates that A. solani fed continuously. Furthermore, only the Is waveform occurred on 'Suzukari' and the conductance levels of this waveform often gradually increased. The Is waveform, which indicate phloem ingestion from the viewpoint of waveform sequences, was recorded for 1,085.5Ϯ63.4 min/24 h on 'Suzukari' (Table 1) .
On the other hand, A. solani on 'Adams' probed frequently and performed short-term probing (Fig.  3B) . The S waveform was observed 18.3Ϯ2.1 times/24 h on 'Suzukari,' while it was observed 89.9Ϯ5.4 times/24 h on 'Adams' (Table 1 ). In contrast, the total duration of Is waveform on 'Adams' was significantly (pϽ0.01, t-test) shorter than on 'Suzukari' (Table 1) . Furthermore, the Irss waveform was recorded for 407.3Ϯ70.9 min/24 h on 578 O. Takahashi et al. (Table 1) .
DISCUSSION
A. solani ingested from phloem continuously for a long period on 'Suzukari.' On the other hand, A. solani probed frequently, and showed short-term phloem ingestion on 'Adams.' As a result, A. solani on 'Adams' showed a higher frequency of salivation and a shorter period of phloem ingestion than on 'Suzukari.' A similar feeding pattern was observed in Schizaphis graminum feeding on resistant sorghum (Cambell et al., 1982; Dixon et al., 1990) .
Furthermore, the Irss waveform was observed only on 'Adams.' From the viewpoint of produced waveform shape, it is suggested that the Irss waveform reflected the suction motion of the insect's mouthpart for feeding (Kawabe, 1994) . For example, this waveform shape was recorded when Nephotettix cincticeps ingested from xylem (Kawabe, 1994) . The insect should suck more actively, because the translocation pressure of xylem is notably smaller than that of phloem (Yamashita, 1952) . Similarly, the translocation pressure of the subepidermis, mesophyll parenchyma and companion cells, which aphids ingest, is significantly less than that of phloem (Yamashita, 1952) . Thus, it is considered that the Irss waveform shows the nonphloem ingestion. Additionally, the Irss waveform was recorded just after the S waveform, while the Is waveform was immediately followed by the X waveform. Because phloem ingestion waveform of aphids is always observed after one or more X waveforms (McLean and Kinsey, 1967) , it is suggested that the Irss waveform indicates non-phloem ingestion. In S. graminum feeding on resistant barley, Peters et al. (1988) demonstrated that an increase of non-phloem ingestion corresponds with a decrease of total phloem ingestion time. For a similar reason, the total phloem ingestion time of A. solani on 'Adams' was decreased to about one-seventh that on 'Suzukari.'
As discussed by Tarn and Adams (1982) , a deAnalysis of A. solani Feeding by the EMS 579 crease of the total phloem ingestion time causes a reduction of nutrient uptake in quality and quantity. In the same way, this may explain why survival, reproduction and development rates of A. solani are low on 'Adams.'
